
of science 


CHEMICAL MODELS 

Unit No. 240 


received by a Group of Friends of Science; sponsored and distributed without profit by 
Science Service, the Institution for the Popularization of Science, 1719 N Street, N.W., 
Washington 6, D. C. Watson Davis, Director 


This unit of THINGS of science consists of six black cork 
balls, three red cork balls, 14 white map pins, straight pins, and 
a tetrahedron construction pattern. Over one hundred molecular 
models of organic compounds as well as five atomic models can 
be made from these materials. The purpose of this unit is to in¬ 
troduce you to three-dimensional concepts of atoms and molecules. 

First, identify the materials in this unit. 

SIX BLACK CORK BALLS -- Representing carbon atoms and 
neutrons. 

THREE RED CORK BALLS -- Representing oxygen atoms and 
protons. 

FOURTEEN WHITE MAP PINS — Representing hydrogen atoms 
and electrons. 

TETRAHEDRON CONSTRUCTION PATTERN — For proper bond 
placement for the carbon atom. 

PINS — Representing chemical bonds. 

Atoms are the smallest particles of the elements. They 
combine to form the more complex substances which are known 
as compounds. The structure of the atom determines the proper¬ 
ties of the element. The types and arrangements of atoms in the 
molecule of a compound determine its properties. Therefore, 
the study of the structure of atoms and molecules by the use of 
models is very important. 

ATOMIC MODELS 

The materials in this kit can be used to build models of 
atomic structure. Consider the black balls to be neutrons, the 
red balls to be protons and the map pins to be electrons. 
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Neutrons are particles found in the nucleus of the atom with no 
electrical charge and a mass of one atomic weight unit. Protons 
are particles found in the nucleus of the atom with a positive 
electrical charge and a mass of one atomic weight unit. Electrons 
are particles found outside the nucleus of the atom with a negative 
electrical charge and a mass that is 1/1845 times that of the 
proton. 

Experiment 1 — The hydrogen atom is the simplest of all 
the atoms. Ordinary hydrogen has one proton in its nucleus and 
one electron outside the nucleus. To one of the red balls attach 
a white map pin. This is the model of the ordinary hydrogen 
atom. Actually the electron (map pin) is constantly in motion 
around the nucleus. 

Experiment 2 — Connect a red proton ball to a black 
neutron ball with a pin so that they are touching each other. Now 
attach a map pin into either the proton or the neutron. This is a 
model of a special kind of hydrogen atom. It is known as heavy 
hydrogen or deuterium. It is twice as heavy as ordinary hydro¬ 
gen. It is the hydrogen found in heavy water which is used in 
slowing down neutrons in atomic piles. Tritium which is a third 
form of hydrogen is made by connecting two neutrons to one pro¬ 
ton with pins so that they touch and then attaching an electron. 

It is three times as heavy as ordinary hydrogen. Tritium is pro¬ 
duced by the explosion of hydrogen bombs. Since this tritium is 
mixed with the other hydrogen in water, hydrogen bomb explosions 
can be detected by studying the tritium concentration of rain water. 

The number of protons in an atom as well as the number of 
electrons is called the atomic number. Obviously the number of 
neutrons in the atom can be changed without going to a different 
element. All atoms containing only one proton are forms of hy¬ 
drogen. The atomic weight is determined by the number of pro¬ 
tons plus the number of neutrons in the atom. Those atoms with 
the same atomic number but with different weights are called 
isotopes. Hydrogen has three isotopes. 
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Experiment 3 -- Connect two protons with one neutron 
with pins so that they touch. Now attach two electrons on oppo¬ 
site sides of the nucleus. This atom is helium. Its atomic num¬ 
ber is two just as the atomic number of hydrogen is one. This 
atom is three times as heavy as the hydrogen atom. An isotope 
of helium can be made by adding another neutron in the nucleus. 
This is the ordinary helium. It is four times as heavy as hydro¬ 
gen. 

Molecular models are very important in explaining the 
physical and chemical properties of organic compounds. The 
most common chemical bond found in organic molecules is the 
covalent bond. It is a bond of definite length, definite direction 
and there are definite numbers of them for each atom. Because 
of these properties we may represent covalent bonds with pins. 

Organic chemistry may be defined as the chemistry of 
carbon compounds. Originally, it was the study of the chemical 
substances found in living organisms but this proved to be an 
unsatisfactory definition. Carbon is unusual in that it has the 
unique property of forming chains of its atoms linked together. 
These chains can be of unlimited length and variation. Also, 
carbon combines with almost all other elements. More than a 
million carbon compounds have been discovered and the number 
possible appears to be infinite. 

Atoms are bound together in organic molecules by chemi¬ 
cal bonds. Each atom has a definite number of chemical bonds 
attached to it. Each carbon atom forms four chemical bonds, 
each oxygen atom forms two chemical bonds, and each hydrogen 
atom forms one chemical bond. Since the bonds attached to a 
given atom have definite directions, it is important to know the 
angles between these bonds. 

CARBON 

The angles between the four chemical bonds of carbon 
are equal and have a value of approximately 110 degrees. The 
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bonds are placed so they appear to be the corners of a tetrahedron. 
A tetrahedron is a solid that has four sides. To see what a tetra¬ 
hedron is you can make one very simply. Cut out the four equi¬ 
lateral triangles from the pattern included in this unit, leaving 
the base of each pair together. Stick them together with trans¬ 
parent tape so that the sides with the same numbers are together. 

If you can imagine a carbon atom as the center of a tetra¬ 
hedron, you can see that the bonds appear as corners of the tetra¬ 
hedron. 

Experiment 4 -- Take one of the black carbon atoms and 
insert four map pins representing hydrogen atoms at the positions 
indicated by the corners of the tetrahedron. You will note that 
whenever you set the caron atom down on three bonds the fourth 
bond is always pointing straight up. This is due to the fact that 
the angles between the bonds are all equal causing each bond to be 
as far away from every other bond as possible. 

The molecule that you have made is that of methane. In 
the shorthand of chemistry this is CH 4 . The letter C is used to 
designate the carbon atom while the letter H is used to designate 
the hydrogen atom. The letter O is used to designate the oxygen 
atom. 

Methane is the first member of a series of organic com¬ 
pounds called the saturated hydrocarbons or the paraffins. These 
compounds fit the general formula C n H 2 n + 2 . them we have 
the largest ratio of hydrogen to carbon. The general formula of 
a series has the subscript T, n" to represent the number of carbon 
atoms as well as the number of hydrogen atoms. The letter "n" 
can be ordinarily any number from one to infinity. This is an 
example of how information can be organized in a science. 

Experiment 5 -- Build a second methane molecule just as 
you did the first. Remove one of the hydrogen atoms from each 
molecule. The residue is called the methyl radical. Organic 
radicals do not exist alone under ordinary conditions. 


- 4 - 




Force a pin through one of the radicals so that the point 
comes out where the bond had been removed. Be sure to push 
the pin in all the way to the head. Now join the two methyl radi¬ 
cals by the pin so that the new bond replaces the old bonds. This 
molecule is called ethane. This is the second member of the 
paraffin series. Its formula is C2Hg. 

This series can be continued by removing a hydrogen atom 
from the ethane molecule and replacing it with a methyl radical. 
The next member is propane, C^Hq. 

Experiment 6 --As you consider the propane molecule, 
you will note that there are two carbon atoms with three hydrogen 
atoms each and one carbon atom with only two hydrogen atoms. 

As you go to the next member of the paraffin series it makes a 
difference which carbon atom is used to add on the next methyl 
radical. 

Remove a hydrogen atom from one of the carbon atoms 
having three hydrogen atoms. Add the next methyl radical to 
this carbon atom. This gives the molecule known as normal 
butane, CH3CH2CH2CH3. If you remove a hydrogen atom from 
the carbon atom having only two hydrogen atoms in propane and 
add the methyl radical there, you obtain the molecule called iso¬ 
butane, CH3CHCH3. These two compounds are called isomers 
qjj because they have the same number of 

** carbon and hydrogen atoms. Count them. 
The next member of the paraffin series, C5H12 is known as pen¬ 
tane because there are five carbon atoms in this molecule. 

Pentane exists in three isomeric forms. Try to make all of them. 
See how many isomers you can make for hexane, C6H14. 

Experiment 7 — Build the chemical model for the hexane 
molecule which has no branching. This is normal hexane, 
CH3CH2CH2CH2CH2CH3. Now remove one hydrogen atom from 
each of the two carbons that have three hydrogen atoms each. 
Using a pin as a chemical bond, bring the two carbon atoms 
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together so that a ring is formed. This compound is known as 
cyclohexane. It is a member of the group of organic compounds 
known as the cycloparaffins. Other members of this family are 
cyclopropane, CgHg, cyclobutane, C4HQ, and cyclopentane, 
C5 Hio- These compounds have formulas that fit the type formu¬ 
la ’9 Cn**2n* 

The ring structures that have been indicated require a 
certain amount of strain in the models that you build, if you 
maintain the proper positions of the chemical bonds. This strain 
in the models is reflected in the actual molecules in the difficulty 
with which these compounds are prepared. 

If you had a definite number of balls for carbon atoms and 
hydrogen atoms with sufficient pins you could build an infinite 
number of compounds in each of the two series above. There are 
many other such series as these which are called homologous 
series. We will only study a few of the remaining series here. 

Experiment 8 -- Build two models of methane for this 
experiment. Place two pins in one of the methane molecules 
side by side so that the points of the pins come out halfway be¬ 
tween two of the hydrogen atoms. Remove these two hydrogen 
atoms. Now join the two carbon atoms together with the two 
pins so that the pins are halfway between two hydrogen atoms on 
the second methane molecule. Remove these two hydrogen atoms. 
The molecule that is formed is called ethylene. Its formula is 
C2H4. It is the first member of a series called the olefins. The 
type formula for this series is the same as that of the cyclo¬ 
paraffins, C n H2n- The next member of this series can be made 
by replacing a hydrogen atom with a methyl radical as in the 
paraffin series. It is called propylene. Its formula is C3H6. 
Butylene is the next member. How can you make it? Butylene 
forms three isomers. Can you build each of these? Do not 
confuse molecules that are the same if you turn the molecule 
around without changing any atoms. 
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These compounds are also called ethene, propene and 
butene. Notice the M ane" ending of the paraffins. 

You have become acquainted with the simple structural 
isomerism of the paraffins. The study of the olefins introduces 
a second type of isomerism. This is known as geometrical iso¬ 
merism. It is possible because the introduction of the double 
bond in an organic molecule restricts the normal rotation possible 
about the chemical bonds. 

Experiment 9 — Build a model of the molecule known as 
butene-2, CH3CH=CHCH3 . The carbon atoms are free to rotate 
around all the chemical bonds except the double bond between 
the second and the third carbon atoms. This rigidity permits 
two different structures to be possible. One in which the hydro¬ 
gen atoms that are attached to the two center carbon atoms are 
on the same side of the double bond and one in which the hydro¬ 
gen atoms are on the opposite sides of the double bond. The 
isomer with the two hydrogen atoms on the same side is called 
the cis isomer while the other is called the trans isomer. This 
type of isomerism is not possible if one of the carbon atoms 
attached to the double bond has two hydrogen atoms attached to 
it. 


Experiment 10 -- Take one of the black carbon atoms and 
push three pins through it so that they are close together and 
parallel to each other. Now put a hydrogen atom on the opposite 
side to the three pins. Take a second carbon atom and place a 
hydrogen atom on it. Connect the two carbon atoms together 
with the three chemical bonds so that the hydrogen on the second 
carbon atom is opposite the three bonds. This compound is 
known as acetylene. Its formula is C2H2. It is the first of a 
series of compounds called the acetylenes. Their type of formula 
is C n H2n-2- The next member of the series is called propyne. 

It is made by replacing one of the hydrogen atoms of acetylene 
with a methyl radical. Butyne is the third member of this series. 
It exists in two isomeric forms. Can you build both of them? 
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Experiment 11 — Build a chemical model of the hexa- 
triene molecule which has the formula CH2=CHCH=CHCH=CH2. 
Now remove a hydrogen atom from each of the two carbon atoms 
having two hydrogen atoms each. Then connect the two carbon 
atoms together with a bond so that a ring is formed. The mole¬ 
cule is benzene with the formula CgHg. It is the first member 
of a series called the benzene series. The type formula for this 
series is C n H2 n _6- 

OXYGEN-CONTAINING COMPOUNDS 
The two valence bonds of oxygen form an angle of approxi¬ 
mately 110 degrees with one another. The simplest organic com¬ 
pounds containing oxygen are those in which oxygen is bound by 
one bond to a carbon atom and to a hydrogen atom by the other 
bond. 

Experiment 12 -- Build a model of the methane molecule. 
Replace one of the hydrogen atoms with an oxygen atom that has 
one hydrogen atom attached to it. The hydrogen atom bond should 
make an angle of approximately 110 degrees with the bond between 
the oxygen atom and the carbon atom. This compound is called 
methyl alcohol. It is also known as methanol and wood alcohol. 

It is a seriosly poisonous substance causing blindness. Methyl 
alcohol is the first member of the series known as the alcohols 
whose type formula is C n H2 n +lOH. The second member is 
made by replacing one of the hydrogen atoms bound to the carbon 
atom with a methyl radical. This compound is ethyl alcohol, 
ethanol and grain alcohol; it is the alcohol used as a beverage. 

If you replace a hydrogen atom from a carbon atom in ethyl alco¬ 
hol with a methyl radical, propyl alcohol is formed. Since it 
makes a difference from which carbon atom the hydrogen atom 
is removed, two isomers of this compound exist. Normal propyl 
alcohol has the formula CH3CH2CH2OH while isopropyl alco¬ 
hol has the formula CH3CHCH3. See how many isomers you can 

OH 

make of butyl alcohol, the next member of the series. 
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Experiment 13 — When both of the bonds of the oxygen 
atom are connected to carbon atoms, the organic compounds 
known as ethers are formed. Build a model of the methyl alcohol 
molecule. Replace the hydrogen atom attached to the oxygen 
atom with a methyl radical. This compound is dimethyl ether. 

Its formula is CH3-O-CH3 and it is the first member of the ether 
series whose type formula is C n H2 n +i-0-C n H2 n +i. The second 
member of this series is made by replacing one of the hydrogen 
atoms with a methyl radical. This compound is called methyl 
ethyl ether. Its formula is CH3CH2-O-CH3. The third member 
in this series exists in three isomeric forms depending upon 
from which carbon atom the hydrogen atom is replaced by a 
methyl radical. If the methyl radical replaces a hydrogen atom 
on the carbon atom which is not connected with another carbon 
atom, the compound is called diethyl ether. It is the common 
"ether" used in anesthesia. Its formula is CH3CH2-O-CH2CH3. 
The other two isomers are called methyl propyl ether and methyl 
isopropyl ether. Can you make models of these molecules? 

The ethers and the alcohols are organic compounds con¬ 
taining only one oxygen atom per molecule. Many other series 
exist in which there are more than one oxygen atom per molecule. 

Experiment 14 — Build a model of the ethane molecule. 
Replace one hydrogen from each of the two carbon atoms with an 
oxygen atom attached to a hydrogen atom. This compound is 
known as ethylene glycol. It has the formula C2H4(OH)2. It is 
the first member of the glycol series. The type formula for this 
series is C n H2 n (OH)2. The other members of this series can 
be built in the same manner indicated in the previous series. 
Ethylene glycol is best known as an antifreeze additive for auto¬ 
mobile radiators. It is the usual constituent of the so-called 
permanent type. 

Experiment 15 — Glycerol or glycerine is a very impor¬ 
tant substance. You can build a model of its molecule from the 
propane molecule. Replace a hydrogen atom from each of the 
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three carbon atoms in propane with an oxygen atom attached to a 
hydrogen atom. Glycerol is a constituent of plant and animal 
fats and fatty oils. It is used extensively industrially. The other 
members of this series can be built in the same manner as the 
previous series. The formula for glycerine is CgHgCOHjg. Can 
you work out the type of formula for this series? 

The glycols and the glycerols never have more than one 
oxygen atom attached to the same carbon atom. Under most cir¬ 
cumstances two hydroxyl radicals (OH) attached to the same car¬ 
bon atom will interact forming a molecule of water. 

There are many organic compounds containing oxygen in 
which the oxygen atom is bound by a double bond to a carbon 
atom. These compounds fall into several different homologous 
series. 

Experiment 16 -- Build a model of the methane molecule. 
Replace two of the hydrogen atoms with an oxygen atom bound by 
two bonds placed between the two hydrogen atoms being replaced. 
This compound is called formaldehyde. Its formula is H-C-H. 

It is the first member of the series known as 0 

aldehydes. The type formula for this series is C n H2 n +i-(j?-H. 

In this particular case ”n M can be any number from 0 to infinity. 
Formaldehyde is used to preserve biological specimens from 
decay. It is also used in the preparation of plastics. The second 
member of this series is made by replacing one of the hydrogen 
atoms of formaldehyde with a methyl radical. This is acetal¬ 
dehyde, CH3-g-H. The other members in this series are made 

by replacing the hydrogen of the carbon atoms other than the 
carbon attached to the oxygen atom. 

Experiment 17 — Build a model of formaldehyde. Now 
replace both of the hydrogen atoms with methyl radicals. This 
compound is called acetone or dimethyl ketone. Its formula is 
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CH3-C-CH3. It is the first member of the ketone series. What 
<H) is the type formula for this series? The second 

member of the series is called methyl ethyl ketone. Can you 
build a model of this compound? 

If you place both an hydroxyl group and a double bonded 
oxygen atom on the same carbon atom, some very unusual pro¬ 
perties occur. These compounds are known as organic acids or 
carboxylic acids. 


Experiment 18 -- Build a model of the formaldehyde 
molecule. Replace one of the hydrogen atoms with a hydroxyl 
group (OH). This compound is known as formic acid. Its was 
first extracted from ants hence its name from the Latin word 
for ant. Its formula is H-^-OH. It is the first member of this 

O 

series with the type formula C n H2 n +i-<p-OH. The next member 

0 


of the series can be made by replacing the hydrogen atom of 
formic acid that is attached to the carbon atom with a methyl 
radical. This compound is called acetic acid and is found in 
vinegar. These acids react with bases to form salts just as the 
inorganic acids do. 


It is possible to replace the hydrogen atom attached to 
the oxygen atom in the organic acids. These compounds are 
known as esters and are very important chemicals. 


Experiment 19 — Build a model of acetic acid. Replace 
the hydrogen that is attached to an oxygen atom with a methyl 
radical. This substance is methyl acetate. It has the formula 
CH3-(p-OCH3. Most of the esters have a very pronounced, 

£) usually fruity odor. What is the type formula for 

this series? Another member in this series can be made by 
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replacing a hydrogen atom attached to the carbon atom that is 
attached to the oxygen atom with a methyl radical. This com¬ 
pound is ethyl acetate. What is its formula? It has an odor 
similar to that of bananas. 


* * * 

Note to Science Teachers: This material can be used 
for experiments involving the study of atoms and mole¬ 
cules in chemistry and general science courses. 
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